The intermediate filaments are a group of cytoskeletal filaments the structural analysis of which is under active investigation in many laboratories (Steinert et al., 1985) . The use of antibodies to probe the surfaces of organelles and protein filaments promises to provide important information about the molecular assembly of these structures (Pool et al., 1983 ). In the current study, monoclonal antibodies to chicken gizzard desmin have been used to decorate synthetic intermediate filaments, and the effectiveness of the use of gold-labelled secondary antibodies (Probert et al., 198 1; De Mey, 19x3) for visualization of the primary antibody has been evaluated.
Monoclonal antibodies were generated and screened against purified desmin by standard techniques (Kohler & Milstein, 1075) . Four anti-desmin monoclonal antibodies were obtained and isotyped as IgG1 kappa (IA10, 187 and 1A3) and IgM kappa (3C6). Desmin fragments were prepared by chemical and enzymic cleavage of the intact molecule and their cross-reactivities towards each of the monoclonal antibodies were determined after initial electrophoretic separation of the fragments, followed by electrotransfer to nitrocellulose or polyvinylidene difluoride (Millipore) membranes (Towbin et al., 1979) . Binding of antibody to the desmin fragments was detected by the use of peroxidase-labelled goat anti-mouse antibody and the use of 4-chloro-1 -naphthol as substrate for the peroxidase (Hawkes et al., 1982 j. For immuno electron microscopy. synthctic dcsmin filaments were made by the procedure of Rueger et ul. (1981) and the antibodies to be used were concentrated in the same filament buffer. Desmin filaments were applied to Formvarcoated 300-mesh copper grids, and then subsequently treated with primary antibody by flotation of the grid on a droplet of antibody solution. An alternative procedure involved interaction of filament with antibodies before application to the grid to maximize binding of antibody to filament.
In studies using goat anti-mouse secondary antibodies which contained 5 or 20 nm diameter gold particles, it was found that saturation of all the pre-attached primary antibody did not occur. Furthermore, in the case of the antibody containing 20 nm gold particles, significant levels of non-specific binding of the secondary antibody t o the desmin filaments was found to occur in the absence of the primary antibody. These results therefore indicate that the goldlabelled secondary antibody technique is not useful in studies of isolated desmin filaments, despite its utility in immunolocalization studies in sectioned tissues (DoerrSchott & Lichte, 1986) .
Studies in which the binding of primary antibody t o the desmin filament has been visualized without the use of a labelled secondary antibody have also been performed ( Fig.1) . Antibodies 1AlO and 1A3 decorated the filaments with a periodicity of 54 nm. These antibodies have been shown to recognize an epitope in the C-terminal third of the desrnin molecule (residues 325-463). Antibody 1B7, which recognizes an epitope within the large NTCB fragment (residues 1-324) which consists of the N-terminal globular region and the central coil region, also decorated the filaments with a periodicity of 54 nm. Antibody 3C6, which Abbreviations used: ELISA. enzyme-linked immunonbsorbent assay; NTCB, 2-nitro-5-thiocyanobenzoic acid.
Fig. 1. Electron micrographs of desmin filaments decorated with monoclonal antibodies to the N-terminal and C-terminal regions of desmin
Desmin filaments decorated with antibody 1B7 (recognizing an epitope not located at the C-terminal) are shown in A, and B shows decoration with antibody 1A10 (recognizing a C-terminal epitope). The bar lines represent 100 nm.
recognizes an epitope within the central rod region, decorated the filament surface with no clear periodicity apparent. In the case of 3C6, it is possible that the irregular pattern results from the relatively large size of the IgM antibody which would prevent regular binding to proximal epitopes on the filament surface. In the labelling with antibodies l A l 0 and 1B7, the decorated filaments showed clear evidence of a helical array of antibody on the filament surface. This suggests that the Nterminal and C-terminal domains are arranged in a helical fashion on the surface of the filament, with the helix periodicity for the N-terminal region being half that of the C'- Thorpc. 1980) . Some membrane-bound or highly aggregated protein may not be denatured by treating with SDS using conventional methods. such as incubating the sample with SDS-containing sample buffer at 37°C for 1 h o r boiling the sample in the presence o f SIX (Walker & Anderton, 1985) . At room temperature. SIX precipitates many proteins and would give rise t o artefactual precipitation lines in subsequent electrophoresis (Kowit & Maloney, 1982) . Even boiling the sample in the presence of SDS may lead to differential denaturation. In view of previous evidence of the aggregated state of the native antigenjs) (Baum & Palmer. 1985) . it seemed possible that differential denaturation might give rise to artefactual patterns of antigen from a particular mitochondrial source tested against a particular serum in two different laboratories.
Clearly, unambiguous interpretation o f results is only possible if antigenic polypeptides are completely unmasked and dissociated during sample treatment. This is particularly important in the case of PBC since different sera exhibit different patterns of antigenic specificity (Baum & Palmer, 1985 : Lindenborn-Fotinos et ul.. 1985 . In the present report we show that reproducible, and apparently complete separation of mitochondrial antigens can be achieved by 'squirting' the sample into boiling SDS containing dithiothreitol ( D T T ) .
Beef heart mitochondria were prepared as described by Beinert (1964) . Protein was measured by the mcthod of Bradford ( 1976) . Beef heart mitochondria were diluted in sample buffer ( 0 . 5 M-Tris HCI, 2 mM-EDTA, 2% (w/v) SDS, 5 0 mM-DTT and 0.0 1%) (w/v) Bromophenol Blue) and the suspension was kept at 37°C for 1 h before electrophoresis. This was used as the control sample. For the remaining samples. to prevent fluid loss the SDS buffer was kept in a stoppered tube in a boiling water bath for 10 min, and a sample of the suspension of beef heart mitochondria was squirted into the boiling sample buffer from a Hamilton syringe. From this tube seven equal aliquots were taken and Abbreviations used: PHC, primary hiliary cirrhosis; DIT. dithiothrcitol; SIX-PAGE, SI)S-polyacrylamide gel elcctrophorcsis. each of them kept in boiling water for different lengths of time (between 2 and 14 min). All the samples, along with the control. were thcn kept at room temperature for a few minutes before being subjected to electrophoresis. SDS-PAGE was performed as described by Laemmli ( 1070) with 100 p g of protein from each sample being loaded into individual wells. T h e gel was electroblotted on t o a nitrocellulose sheet by the method of Towbin & Gordon ( 1984) . T h e nitrocellulose paper was thcn treated as described by Towbin & Gordon (1984) except that 3'70 (w/v) milk powder buffer was used as blocking buffer. PBC serum diluted 1 : 200 in blocking buffer w a s uscd as first antibody. 1251-Labclled secondary antibody was used t o detect the antibody-antigen complexes. The nitrocellulose mcmbranc was thcn dried and autoradiographed by exposing it t o double-sided X-ray film (Kodak Xomat) in the presence of an intensifying screen at -70°C for 1 day.
T h e control sample shows only three antigenic species, at 70, 45 and 39 kDa of which the two higher molecular mass antigenic specics are heavily labcllcd (Fig 1 ) . Samples prepared by squirting and boiling show more than three antigenic species. T h e three samples kept boiling for longest ( 1 0 min. 12 min and 14 min) show clearly a number o f weakly stained antigenic species in addition to the two major higher molecular mass species. Since the pattern of antigenic T h e control sample was kept at 37°C for 1 h after dilution in sample buffer. Other samples were squirted into boiling sample buffer and (tracks 1-7. respectively) kept boiling for 2 , 4 , 8, 10, 12 or 14 min. Before electrophoresis 100 pg beef heart mitochondrial proteins was loadcd for each track.
